The problems associated with heavy metal contamination are widespread and are especially common in developing countries. A pot study was carried out to evaluate the effectiveness of Sunflower (Helianthus annuus), Sorghum (Sorghum bicolor) and Chinese cabbage (Brassica chinensis) at removing lead from the soil. Lead contaminated soils were collected from Kabwe near the old Lead mine and characterized for total and extractable lead, pH, organic matter, texture and cation exchange capacity. The average total and extractable lead concentrations were 23 313 and 5876 mg/kg, respectively, in contaminated soil compared to 57.75 and 10.02 mg/kg in uncontaminated soil. The contaminated soil was then diluted with uncontaminated soil to achieve five contamination levels of 5876, 2500, 1000, 500 and 10.02 mg/kg. Test plants were grown for 10 weeks after which below and above ground dry biomass yields were determined and tested for lead concentration and uptake. Results from this study show that Chinese cabbage is more effective at lead uptake than Sunflower and Sorghum. Results also show that high soil lead concentration results in poor plant growth, low biomass yield and increased lead accumulation in plant tissue.
Introduction
Heavy metal contamination results mainly from anthropogenic activities such as mining and metal smelting. This contamination is a serious environmental problem that may threaten whole ecosystems and humans. Humans and wildlife are exposed to heavy metals through several pathways that may include contaminated drinking water and food, inhaling particulates and contaminated soil health (Qu, Ma, Yang, Bi, & Huang, 2012; Ikenaka et al., 2010) . Exposure to heavy metals such as lead have been shown to have several negative effects in humans. Examples of such effects include problems with coordination of muscles, nerve damage, brain damage, impaired hearing, stunted growth and mental retardation in children (United States Environmental Protection Agency [USEPA], 2013).
importance of biodiversity that encompasses several agricultural, horticultural and wild metal accumulating plants. More than 400 plants that hyperaccumulate heavy metals, from different families, have so far been tested for their potential use in the decontamination of polluted sites. Of these families, Brassicaceae has been reported to have the largest number of hyperaccumulaters (Prasad & Freitas, 2003) . Phytoremediation strategies appear promising as a way to reduce lead contamination in soils and thereby minimize its potential hazardous effects.
In Zambia, lead was mined in Kabwe (Central Province). Mining activities started at the beginning of the 20 th century and continued for 90 years until 1994 when the mine was closed, and smelting and sulphuric acid production operations conducted discontinued (The World Bank Group, 2013) . Kabwe ranks among the 10 most polluted places in the world (Blacksmith Institute, 2007) with over 300,000 of the total population being affected by contaminated soil by 2003 (The World Bank Group, 2013) . A lot of effort has been made to determine the extent of heavy metal contamination of the soils, aquatic systems and plants in Kabwe and other mining areas in Zambia (Ikenaka et al., 2010; Tembo, Sichilongo, & Cernak, 2006) . On average, children's blood lead levels in Kabwe have been reported to be as high as 5 to 10 times the permissible WHO/EPA maximum of 10 µg/dL (Blacksmith Institute, 2007) .
The objective of the study was to determine the effectiveness of Sorghum bicolor L., Brassica chinensis and Helianthus annuus L. in reducing concentrations of lead in contaminated soils from Kabwe. Specifically, the study evaluated the growth of and uptake of lead by Sorghum bicolor L., Brassica chinensis and Helianthus annuus L. in lead contaminated soils.
Method

Soil Sample Collection
The lead contaminated soil was collected from a location near the former Lead Mine in Kabwe District. The lead contaminated soil was then characterized to determine selected physical and chemical properties using the methods described below.
Characterization of the Soil
The following methods were used to characterize the soil used in the study.
Particle Size Distribution
Particle size analysis of the fine earth fraction was determined using the hydrometer method (Day, 1965) ; air dried soils (50 grams) were weighed in triplicate and placed in the dispersing cups. Fifty milliliters of calgon (sodium hexametaphosphate) was then added and the cups filled with tap water to the half way mark. The cups were stirred continuously for five minutes. The suspension was transferred into a sedimentation cylinder using a stream of tap water, the cylinder filled to the 1000 ml mark. A plunger was used to mix the contents thoroughly, after 20 seconds the hydrometer was lowered carefully into the cylinder and the density of the suspension read. The temperature was read using a thermometer. After two hours the density and temperature were read again and the particle size distribution analyzed.
Determination of Soil Organic Matter
The Walkley and Black Method was used to determine organic matter (Olsen & Sommers, 1982) ; One gram of air dried soil was weighed and placed in a conical flask, then 10 ml of 1N K 2 Cr 2 O 7 was added. Twenty milliliters of concentrated H 2 SO 4 was rapidly added to the conical flask by directing the stream into the suspension using an automatic pipette. The conical flask was then swirled vigorously for a minute. The conical was stored in the fume hood for 30 minutes. Afterwards 150 ml of distilled water was added followed by 10 ml of concentrated H 3 PO 4 . Ten drops of diphenylamine indicator solution was added to the conical flask and it was titrated with Iron (II) Sulphate.
Determination of Soil pH
To determine pH, the electronic pH meter was used (Mclean, 1982) ; 10 g of air dry Lead contaminated soils was placed in a 50 cm 3 beaker and 25 cm 3 0.01 M CaCl 2 added. Each mixture was placed on shaker for 30 minutes and pH determined using a pH meter.
Determination of the Effective Cation Exchange Capacity of the Soil
Determination of the Exchangeable Acidity
To determine the exchangeable acidity, the NaOH titration method was used (Mclean, 1982) ; 10 g air dry soil was weighed and put into a 250 cm 3 Erlenmeyer flask, 100 cm 3 of 1 M KCl was then added and covered with a rubber stopper. The conical flask was shaken for 1 hour and then the suspension filtered and the filtrate collected www.ccsenet.org/ep Environment and Pollution Vol. 3, No. 2; in a beaker. A volume of 25 cm 3 of KCl extract was pipetted into a 250 cm 3 conical flask and approximately 100 cm 3 of distilled water was added. To the same flask, 5 drops of phenolphthalein indicator was added to the solution with a standard 0.01 M NaOH solution to a permanent pink end point. The amount of base used was equivalent to the exchangeable acidity in the aliquot taken.
Extraction of Exchangeable Bases
To determine the exchangeable bases, the ammonium acetate method was used (Thomas, 1982) ; 10 g of air dry soil was weighed and passed through a 2 mm sieve and put on a No 42 Whitman filter paper. Some 25 ml of 1N NH 4 OAc was added four times, the filtrate was removed and the soil was then rinsed with Ethanol four times as well. The rinsing was repeated and 100 ml of 2 M KCl was added. Concentrations of K + , Ca 2+ , Mg 2+ and Na + were determined using the Atomic Absorption Spectroscopy (AAS).
Determination of Total Lead in the Soil
To determine the total concentration of lead in the soil, the Aqua Regia method was used; 1.0 g of lead contaminated soil was weighed using an electronic balance and to which 18 ml of HCl and 6 ml HNO 3 were added. The sample was allowed to digest on a hot plate until enough of the solution had evaporated. The sample was then cooled, 18 ml of HCl and 6 ml of HNO 3 added again. The mixture was brought to 50 ml volume using distilled water and amount of total Lead determined using AAS.
Determination of Extractable Lead Using 0.5 M HNO 3
To determine extractable lead, the Nitric Acid method was used; 20 g of each soil sample was weighed using an electronic balance and to which 40 cm 3 of 0.5 M HNO 3 was added in order to extract only the Lead that may be soluble for plant uptake. The mixture was allowed to shake for 2 hours, afterwards it was filtered through No 42 Whitman filter paper and amount of extractable Lead determined using the AAS.
Green House Experiment
A greenhouse crop trial with 5 levels of lead contamination (Table 1 ) and 3 crop species (Chinese cabbage, Sunflower and Sorghum) was set up in a Completely Randomized Design (CRD) and replicated four times. The lead contaminated soil was diluted to 43, 20 and 9% of the original lead concentration using ordinary soils from the Field Station at the University of Zambia. The dilution was done to monitor the performance of the different plant species in varying levels of lead in the soil. The dilutions were made based on the concentration of extractable lead in both contaminated and ordinary soil samples. The soils (ordinary soil and lead contaminated soil) were thoroughly mixed to ensure uniform distribution of Lead in each pot. The Milika, Chihili and Sima crop varieties of sunflower, Chinese cabbage and sorghum, respectively, were used for this trial. Seeds were sown directly to the appropriate depth. Basal and Top dressing fertilizer were applied at recommended rates for each plant species and in relation to plant density. The plants were grown for 10 weeks after which the shoots and roots were harvested and dried.
Determination of Lead in the Leaves of Sorghum, Sunflower and Chinese Cabbage
To determine lead concentrations in the leaves of all plants, approximately 1 g of each plant sample biomass was weighed using a sensitive electronic balance and ashed at 500 °C to which 10 ml 1 N HNO 3 was added, filtered and brought to volume of 100 ml by adding distilled water. Concentrations of lead were then determined by AAS. Lead uptake was calculated from the Lead concentrations by multiplying the concentration by the total dry mass of the crop.
www.ccsen
Statisti
To assess carried out
Results
Soil Ch
The chara contamina exceeding soil had a lead conce ordinary s ECEC wa respectivel Figure 2 bicolor) and C 
Above Ground Biomass Yield at Harvest
At soil lead concentrations where it was able to grow, sunflower produced the highest above ground biomass followed by Chinese cabbage and sorghum ( Figure 3) . Sorghum had the lowest biomass yield and showed severe signs of stunted growth due lead toxicity. Generally, an inverse relationship was observed as shoot biomass yield reduced with increase in soil lead concentrations among treatments. Figure 4 shows the lead concentrations in below ground tissue for all the 3 plant species grown in soil with different lead levels. In all of the plants analyzed, the root portion of the plant showed the highest levels of lead, followed by the shoots, in which the levels were undetectable (for sunflower and sorghum). Chinese cabbage accumulated more lead in the roots than sunflower and sorghum at all the levels of lead contamination, except for the uncontaminated soil. With Chinese cabbage, there was a linear increase in lead concentration in the roots as the soil lead concentration increased. Sunflower showed a slight constant or uniform Lead accumulation from treatment 2500 to 500 mg/ kg.
Lead Concentrations in Below Ground Tissue at Harvest
The results from this study suggest that Chinese cabbage is more tolerant to high soil lead concentration than sunflower and sorghum. Sunflower proved to be very sensitive to high lead levels in soils as it failed to grow when extractable lead concentrations were high (5867 mg /kg) and its growth was very poor. Vol. 3, No. 2; Figure 6. Lead uptake in above ground tissue at harvest (10 weeks) for Chinese cabbage (Brassica chinensis)
Discussion
Chinese cabbage, sunflower and sorghum all showed a poor growth pattern as the concentration of Lead in the soil increased among treatments. The observed inverse relationship between plant growth and soil lead concentration could be attributed to the direct negative effects of lead on plants (Figure 1 ). Symptoms of lead toxicity at higher lead levels included stunted growth and chlorosis. Previously, Sharma and Dubey (2005) noted that excess lead causes a number of toxicity symptoms in plants such as stunted growth, chlorosis and blackening of the root system, this agrees with the observations of this study. Alternatively, lead in the soil has been shown to be able to complex other plant nutrients such as phosphorus, thereby rendering them both unavailable for uptake (Xie, Wang, Sun, & Li, 2006) . It is possible that plants suffered phosphorus deficiencies contributing to poor plant growth i.e. stunting, even if the classic purple discoloration of leaves was not observed. Sunflower was more sensitive to high concentrations of lead in the soil to the extent that plants failed to grow up to harvest. However, this observation was rather unexpected as sunflower together with other species of the family Asteraceae have been proposed to be hyperaccumulators of heavy metals (Prasad & Freitas, 2003) . This observation could suggest that a threshold of lead contamination exists above which plants cannot survive. High soil concentrations of lead have been shown to reduce seed germination, root and shoot length, tolerance index and dry mass of roots and shoots of rice (Mishra & Choudhuri, 1998) . This could explain the observed growth patterns and the complete failure of sunflower seeds to germinate in soils with high levels of lead.
According to Seregin and Ivanov (2001) , lead phytotoxicity leads to inhibition of enzyme activities, disturbed mineral nutrition, water imbalance, change in hormonal status and alteration in membrane permeability. These disorders upset the normal physiological activities of the plant and would result in loss of biomass yield as observed in this study (Figure 3 ). According to Xiong (1998) , Brassica pekinensis belonging to the same family as Chinese cabbage (Brassicaceae) accumulated unusually high contents of lead in the root and shoot tissues. The results from this study suggest that Chinese cabbage is more tolerant to high soil lead concentrations than sunflower and sorghum. Sunflower proved to be very sensitive to high lead levels in soils as it failed to grow when extractable lead concentrations were high (5867 mg /kg) and its growth was very poor.
According to Sharma and Dubey (2005) , roots can take up significant quantities of lead whilst greatly restricting its translocation to above ground parts as observed in Sunflower and Sorghum. Therefore, it can be suggested that Chinese cabbage was more effective at accumulating lead in the shoots than sunflower and sorghum. Though this may seem to be a good characteristic of Chinese cabbage, most researchers recommend that plants appropriate for phytoremediation should accumulate metals only in the roots (Prasad & Freitas, 2003) .
Chinese cabbage appeared to be more efficient at the uptake of lead from the soil than sorghum and sunflower. Prasad and Freitas (2003) noted that it is the combination of high metal accumulation and high biomass production that results in the most efficient metal removal. From the results obtained, soil lead concentration affects the amount of plant biomass produced; reducing with an increase in soil lead concentration. Lead accumulation in plant tissue increases with increase in soil lead concentration as observed in sunflower, sorghum and Chinese cabbage among the different treatments. It can be concluded that Chinese cabbage is capable of taking up lead from the soil and that it is more efficient than sunflower and sorghum. However, indications are www.ccsenet.org/ep Environment and Pollution Vol. 3, No. 2; that this would only be applicable to sites that contain low to moderate levels of lead contamination because plant growth is not sustained in heavily contaminated soils.
Based on the observations from the current study, and in order to get more insightful observations, plants should be allowed to grow to full maturity. This will allow for partitioning of plant tissue so as to determine how much lead would be accumulated in each plant part. Secondly, field experiments should be done to evaluate the response of plants grown directly in the sites of contamination. Greenhouse conditions are not truly representative of field conditions and the results from such studies are only indicative. In the field, plants are subjected to less than optimal conditions and thus may have different morphological and physiological responses.
